of this equilibration and the answer to the chicken-and-egg question of whether changes in nucleocytoplasmic transport cause nuclear entry of Rna1 or vice versa is unknown.
One possibility raised by Asakawa et al. [9] is that the physiological role of V-NEBD is to exclude certain proteins from the nucleus prior to spore formation. Consistent with this possibility, it is known that the volume of spore nuclei is less than that of growing cells [19] . V-NEBD, like NEBD, may also be a means of dissipating the Ran-GTP gradient across the NE and allowing the establishment of a chromosome-based Ran-GTP gradient known to be important for spindle formation in animal cells. However, V-NEBD is first observed at meiotic anaphase II, well after spindle assembly [8] .
Deciphering the biological role of V-NEBD will be a challenging task but the fact that it is specific to meiosis II may provide important clues. Meiosis II-specific changes in spindle pole body anchoring in the NE could explain V-NEBD and its cell-cycle stage specificity but would not be consistent with the absence of an ultrastructural defect in the NE [9] . Regardless of the mechanism, it will be important to determine the functional relevance of V-NEBD at meiosis II by accomplishing the difficult task of creating conditions in which V-NEBD is prevented and then monitoring the consequences (see Figure 2C ).
Open and closed mitosis are extremes of a process with many variations (Figure 1 ). The two new papers from Arai et al. [8] and Asakawa et al. [9] add a fascinating new twist by describing V-NEBD, which is structurally closed but functionally open and occurs only at meiosis II in S. pombe, an organism in which mitosis and meiosis I are structurally and functionally closed. The surprising observation of V-NEBD alone raises important questions about how and why it happens and why it happens only at meiosis II. In addition to furthering our understanding of yeast meiosis, the answers to these questions will bear on understanding the fundamental differences between open and closed mitosis and may provide insight into the evolution of nucleated cells. Reproductive Strategies: How Big Is Your Love?
In swordtails, gene copy number variation is associated with alternative male mating strategies, size and puberty. Though it is unclear how the different aspects are linked mechanistically, the nature of the gene, a melanocortin receptor, suggests avenues for future inquiry.
Florian Maderspacher
There are many paths to success, a truism illustrated in biology by the diversity of forms, lifestyles, and species. Even within a species, lifestyles can vary, as is exemplified in the alternative strategies males use for accomplishing their one purpose in life, mating. Male side-blotched lizards, for instance, come in three sizes -conveniently colour labelled orange, blue and yellow -that differ in mating behaviour [1] . Similarly, in a marine isopod, there are three types of male that vary considerably in their appearance yet are equally successful at reproducing [2] . Most spectacularly, perhaps, male Australian cuttlefish use their superior morphing skills to disguise temporarily as females and sneak their sperm into a mating couple [3] . Now, as they report in a recent issue of Current Biology, Kathrin Lampert, Manfred Schartl and colleagues [4] have identified a gene associated with such alternative male strategies, in a fish, the Panuco swordtail (Xiphophorus nigrensis). Fish are rather inventive when it comes to reproduction: there are monogamous, polygamous, promiscuous fish, some have parental care, others are careless egg-dispersers, a few don't have sex at all, others show sex-role reversal or full-on sex change. Likewise, male fish have found many paths to reproductive glory [5] . Males unusually invest heavily in sexual ornaments or elaborate courtship displays in order to score a mating. Contrasting these more traditional, or as they are fondly called, 'bourgeois' males, are the 'sneaker' males found in many species that quickly toss in their sperm while another couple is at it, or 'satellites' and 'cuckolders' that stand by and wait for an opportunity to covertly mate. Such sneaky males are essentially 'parasites' as they exploit the investment of the bourgeois male which is what gets the often choosy females receptive in the first place.
Obviously, these strategies must somehow pay off, and in some cases, like the bluegill sunfish, the 'proletarian' can be more successful than the bourgeois at siring more and better offspring [6] . These alternative male strategies can be genetically or environmentally induced, plastic or fixed. Yet, they have several features in common: the parasitic morph is usually significantly smaller and less ornate, often resembling females; the smaller males usually do not court; and, as parasitic males often interfere with another mating, they tend to invest heavily in making their sperm competitive [5] .
In the fish that Schartl and colleagues [4] studied, Xiphophorus nigrensis (Figure 1 ), males come in three size classes -small, intermediate and large (the latter two often being lumped together) -which can differ in length by a factor of two [7] . The large males fit the 'bourgeois' description: they are decorated with the eponymous tail-sword, they are territorial and they engage in courtship displays. The small males, by contrast, have only a tiny sword and look more like females. Not surprisingly, females prefer to mate with the large ornate males. The small males do not court the females, but rather chase them and force them to copulate. (Unlike most fish, males of the Poeciliinae do not cast their sperm on laid eggs, but instead fertilise the female by virtue of a transformed anal fin, the gonopodium, and the females give birth to live young rather than laying eggs.)
The alternative male strategies, variations of which are found in several related species, have been intensely studied in X. nigrensis from both a genetic and an evolutionary point of view. The different male morphs are genetically determined, such that large males will almost always sire large male offspring and small males will have small sons. As first observed in the related platyfish (X. maculatus) [8] , the genotype correlates with the activation of the gonadotropic part of the anterior pituitary gland that is -in fish, as in other vertebrates -responsible for triggering sexual maturation. The locus was thus called pituitary or p. As males of either genotype grow at the same rate, and stop as soon as they reach sexual maturity, the different sizes are simply a function of the timing of puberty: in small males, puberty starts early (at roughly 2.5 months), in large males late (at roughly 4 months). In platyfish and X. nigrensis, the p system was shown to be sex-linked such that the 'small', 'intermediate' and 'large' alleles of p are Y-linked, while the X chromosome only carries the 'small' allele ( Figure 2 ).
This relatively straightforward genetic makeup allowed for a key evolutionary question to be addressed, namely, how do genotype frequencies change in response to the apparent sexual selection. In terms of getting to mate, the large and intermediate males are favoured by females and therefore the frequency of the small allele is decreasing from generation to generation [9] . But then how do the small males persist? It turns out that, when reproductive success is estimated over the entire lifetime, the two types of male -bourgeois and parasitic -may score roughly even [9] . This is because the smaller morph has two advantages: smaller males have more time to reproduce as they reach puberty earlier. In addition, they may also be better at evading predation as they're less conspicuous. As an aside, there is another reason why small males do not disappear over time. Unlike most fish, Panuco swordtails have a XY sex-determination system. However, as a result of the action of an autosomal modifier gene called a, some of the genotypically female XX individuals develop as small, swordless males when they are also aa homozygous [10] .
To isolate the p locus, Schartl and colleagues [4] turned to a candidate gene that is present on the sex chromosomes, the melanocortin4 receptor Mc4r. They found a considerable amount of allelic variation at the locus, falling into two allele classes, termed 'A' and 'B', which differ in the cytoplasmic, carboxy-terminal end of the encoded transmembrane receptor: while the A alleles resemble the 'common' Mc4r versions of other vertebrates, all alleles in the B class show a conspicuous lack of two cysteines (along with various other small But, as both large and small morphs both carry Y chromosomes with B type alleles of Mc4r, it is unlikely that there is a simple qualitative association of size with one or the other B-allele, all the more as the diversity of B-type alleles is extraordinarily high -in a sample of 16 fish there were 27 different alleles. Thus, rather than a qualitative association, the authors found -and this is the second line of evidence -a quantitative association: the larger the male, the more copies of B-alleles (up to 10) it carries. In quantitative genetic terms, 50-60% of the variation in male body size can be explained by B-allele copy number. This obviously leaves some 40% of the variation unaccounted for. These could be genetic or environmental factors as it is well known that despite the genetic determination the size of male morphs can fluctuate greatly with environmental conditions [11] .
Variation in gene copy number, as observed for Mc4r, is becoming more and more appreciated as a significant contributor to genetic variation and phenotypic diversity, ever since the human genome was found to harbour nearly 40,000 sites of copy number variation, encompassing over 12% of its size [12, 13] . Copy number variants have been found associated with complex human traits, such as autism or schizophrenia, or with HIV susceptibility [13] . Like the Mc4r story, so far these are only associations, but the explanatory appeal of copy number variants lies in the fact that they have the potential to influence gene dosage in a subtle way by altering a gene's expression levels -rather than altering its protein sequence. And indeed, in the large males Mc4r B alleles are expressed at a higher level. Such dosage effects may be particularly relevant for genes that have a pleiotropic function that would make the organism more vulnerable to their loss.
If one were to play devil's advocate, one could argue that the knowledge that Mc4r is the p gene does per se not add all that much to the well-understood evolutionary aspects of the reproductive strategies, the way they are selected, their costs and benefits. Nor does the molecular nature of p immediately explain how the phenotype comes about, neither in terms of its effects on puberty and growth nor on the mechanistically even less clear association with different kinds of behaviours. Obviously, the appeal of such a paper -apart from satisfying scientific curiosity -lies in the hope that the molecular identity of the gene identified can inform the biological mechanism underlying the trait. In that sense, Mc4r is a great candidate because its involvement in the regulation of sexual maturity in male morphs was not entirely predictable, yet with some imagination such a role can be reconciled with Mc4r's known functions and is thus intriguing enough to stimulate further investigation [14] . For one, Mc4r acts in the hypothalamus, thus making a link to the hormonal hypothalamus-pituitary-gonad (HPG) axis that triggers sexual maturity in vertebrates at least plausible. In fact, in female rats Mc4r activity can affect expression of certain hormones of the HPG axis, such as LH and GnRH, but its role in males -aside from Mc4r stimulation promoting erection through direct action in the penis -is not well understood [14] .
Mc4r is, of course, best known for its role in energy homeostasis where it mediates the effects of leptin in the hypothalamus. When an animal is hungry, leptin levels are low and, via lowered activity of POMC neurons, the activity of neurons secreting the Mc4r antagonist AgRP is increased, resulting in lowered Mc4r signalling. Low Mc4r activity means that food intake will be increased and energy expenditure decreased. These functions appear to be largely conserved across vertebrates, and it will be interesting to see if Mc4r affects puberty onset via direct action on the HPG axis or by some indirect means related to its function in energy homeostasis. There is some indication that bourgeois and parasitic morphs vary in their energy expenditure, though if and how this is linked to Mc4r function remains to be seen [15] .
Perhaps the most fascinating question is how the traits that differ between the morphs -size, by way of puberty, and behaviour, especially mating and courtship -are connected. Are they both directly regulated by Mc4r, in a hard-wired fashion? Or is there some kind of plastic, feed-back mechanism, where for instance a smaller male adapts its behavioural strategy in response to the phenotype it has been dealt by its genetic makeup. Whether these questions will be studied in Xiphophorus or in other fish models, Mc4r offers a molecular handle on these processes and an especially relevant one at that, as it is the particular link in the system that evolution seems to have tweaked to endow male X. nigrensis with two different reproductive strategies. Hopefully, the small males will have a big future ahead of themselves.
Florian Maderspacher is Current Biology's Senior Reviews Editor. E-mail: florian.maderspacher@ current-biology.com DOI: 10.1016/j.cub.2010. 10.004 Ciliary Trafficking: CEP290 Guards a Gated Community A recent study reveals that the large coiled-coil protein CEP290 is an integral component of the transition zone between the cell body and the cilium and functions as a gatekeeper to regulate trafficking of ciliary proteins.
Ewelina Betleja and Douglas G. Cole
Cilia and flagella are dedicated organelles with specialized functions that require protein and lipid compositions that differ considerably from the rest of the cell. These distinct compositions are maintained by a strict border policy that governs movement across the transition zone between the cell body and the cilium. The transition zone is a short region of the cilium that lies between the basal body and axonemal microtubules, where the basal body triplet microtubules transition into the axonemal doublets. Although the complex ultrastructure of the transition zone was beautifully documented in early studies by Ringo [1] and Gilula and Satir [2] , its protein composition has largely remained elusive. Interest in this region, however, is increasing as researchers examine the transport of specific ciliary materials. Intraflagellar transport (IFT) particles powered by kinesin-2 and cytoplasmic dynein 1b, for example, must travel through the transition zone to enter and exit the organelle. Distinct from the transition zone are the transitional fibers that connect the nine basal body triplet microtubules to the plasma membrane. Given the accumulation of IFT complexes at the distal end of these structures, it has been suggested that the transitional fibers serve as a docking site or staging area for IFT particle formation prior to entry into the organelle [3] .
